The LORD came down to see the city and the tower, which mortals had built. And the LORD said, 'Look, they are one people, and they have all one language; and this is only the beginning of what they will do; nothing that they propose to do will now be impossible for them. Come, let us go down, and confuse their language there, so that they will not understand one another's speech'. So the LORD scattered them abroad from there over the face of all the earth, and they left off building the city. Therefore it was called Babel, because there the LORD confused the language of all the earth; and from there the LORD scattered them abroad over the face of all the earth. An international multicenter study is similar in its ambition to the construction of the Tower of Babel, in that skills and resources of many are combined to yield an effort impossible for any one individual research group to undertake alone. Such a combined effort is the ideal scenario when individual centers have the expertise to carry out an investigation, but lack populations large enough to give sufficient power for the study of small risks. Small-scale studies are often praised for the quality of the information they collect, but they tend to be restricted to populations that are too homogeneous and/or too limited in size to make reliable inferences. Pooling data gives sufficient power to observe clearer associations between specific exposures and diseases. However, as the builders of the Tower of Babel found out, large cooperative efforts can prove perilous. Any extra gain in statistical power due to the increase in the studied population can be lost due to substantial misclassification of both exposure and health outcomes. Therefore, the central question is to consider whether a large multicenter venture can achieve a quality of data comparable to factory-based studies. How does one prevent a multicenter international study in occupational epidemiology from disintegrating into a cacophony?
ASSESSMENT METHODOLOGY
Occupational exposure assessment in particular remains the least standardized part of multicenter studies, and the main challenge (Alexon, 1985) . It has only begun to receive rigorous mathematical treatment in the last 20 yr, probably as a consequence of both the accumulation of exposure measurement data and the increasing demand for higher certainty in exposure estimates from epidemiologists, risk assessors and other stakeholders such as industry and labor representatives. An outcome is methods that make better use of the resources available to exposure assessors (Seixas and Checkoway, 1995; Cherrie et al., 1996; IARC, 1996; Stewart et al., 1996) . International databases are likely to further facilitate coherent exposure assessment in multicenter studies, but much work remains to be done in this arena.
Exposure assessment can be seen as consisting of the following tasks: documenting the occupational history of subjects, estimating exposure intensity for the circumstances in the occupational histories and combining the previous two sources of information to obtain an estimate of exposure. In recreating the subject's occupational history, one must trace how determinants of exposure (job performed, production volume, machinery, personal protective equipment, work schedules, etc.) have changed with the passage of time in the workplaces under investigation. In some epidemiological study designs (e.g. casecontrol), workers themselves or their next of kin can be interviewed. However, this is not the case in cohort studies, in which case knowledgeable individuals are not always available to answer these questions and their opinions are difficult to validate. In multicenter studies, such data gathering can be standardized through creating classification schemes for determinants of exposure [e.g. the job class system developed for the study of European asphalt workers by ] and through designing standard questionnaire forms for conducting the interviews. Back-translations of any classification schemes and questionnaires are essential to ensure that they are uniformly interpreted. Differences between countries in the stage of evolution attained by the profession of occupational hygiene add to the challenge of finding 'experts' of comparable qualifications. Therefore, additional training of persons conducting primary data collection seems prudent, although we know little about whether it improves the accuracy of the collected information. Finally, it is essential to investigate both reproducibility and validity of occupational histories collected in multicenter studies, as such data, although crucial to understanding uncertainties in exposure assessment, are generally lacking.
Exposure intensity is best estimated from the available exposure measurements. There has been considerable effort in recent years to standardize sampling and analysis methods (see for example Kenny et al., 1997) , but because of past and persisting differences, data that is recovered as part of retrospective exposure assessment in international multicenter studies is often difficult to compare across countries . This is a problem in the construction of measurement databases, but these are still the best available sources of information about past exposure intensities.
HELPING THE EXPERTS
In an attempt to overcome difficulties with sparse and uncertain exposure information, researchers sometimes rely on the opinions of trusted and/or specially trained experts to establish, on the basis of interviews, the exposure status of an individual or a group with respect to the agents of interest. This was the approach developed for hypothesis-generating case-control studies in the general population (Gerin et al., 1985; Siemiatycki et al., 1997) . One workplace example was a study of cancer risk among European welders, in which 'quantitative estimates were derived from consultation of literature sources and of some company data', relying primarily on the judgement of experts to reconstruct exposures (Gerin et al., 1993) . In the example of retrospective exposure assessment for an international cohort exposed to phenoxy herbicides, chlorophenols and dioxins, the investigators relied on a combination of expert judgement, literature review and application of deterministic source-receptor models to reconstruct exposures (Kauppinen et al., 1994) . There is a clear need to standardize the approaches of experts used by the different centres; expert assessors must be calibrated.
Computers are being applied to this ('tMannetje et al., 2001a) and appear to provide some improvement in agreement in assessments performed by independently working, but centrally trained, assessors ('tMannetje et al., 2001b) . However, found that agreement between assessors was 'difficult to reach' during a computerized approach to exposure reconstruction in a multicenter cohort study of workers in the pulp, paper and paper product industries.
Experts must form their opinions based on some knowledge, presumably obtained through familiarity with the studied exposure circumstance, and ultimately, measurements of exposure. For the claim of an expert to superior knowledge is undermined if merely derived from subjective opinion. Thus, exposure measurement data forms the best basis for expert evaluation. An approach was recently proposed to formally combine information from 'experts' and exposure measurements by application of a Bayesian framework (Ramachandran and Vincent, 1999; Ramachandran, 2001; Wild et al., 2002) . Although promising, it requires further theoretical development before it can be applied in epidemiological studies Kromhout, 2002, 2003) . Earlier, approaches that combined statistical exposure models with expert input were applied in studies of the European man-made mineral fiber (Cherrie and Dodgson, 1986; Dodgson et al., 1987; Cherrie et al., 1996) and asphalt industries, although the latter placed more emphasis on the exposure measurements than the former.
HOPE FOR THE FUTURE
What is likely to be the future of exposure assessment in multicenter international studies in occupational epidemiology? Greater public concern about small risks and the need of regulators for quantitative risk assessment and identification of specific causative agents have both increased the importance of exposure assessment based on personal exposure Editorial 651 measurement data. Three factors will increase the need for multicenter studies using the best possible exposure assessment. First, despite the success of occupational epidemiology in identifying workplace causes of cancer, some subgroups, such as small businesses and dispersed groups in large companies (e.g. cleaners, maintenance workers), have not been extensively studied (Blair et al., 1999) . Second, it is also likely that outsourcing and automation will continually reduce the size of the workforce in firms that have been traditionally seen as 'large' enterprises. Third, 'strong' risk factors have already been identified, leaving occupational epidemiologists with the challenge of discovering and characterizing 'weak' associations (Doll, 1996) .
International multicenter studies are therefore likely to remain in the forefront of occupational epidemiology and the transfer of methodology and experience from small company-based studies to international ones will remain a major problem of exposure assessment. However, our experience with the study of European asphalt workers leads us to believe that international collaboration can lead to a better quality of exposure assessment in large international studies than in smaller company-based ones. The quality of exposure assessment, first and foremost, depends on the effective application of new and existing quantitative exposure assessment methods. As Stewart et al. (1996) indicated, '…historical exposure assessment requires an opportunistic approach, taking advantage of what information is available and developing creative and innovative approaches to exploit that information'. We are convinced that multicenter studies provide wonderful opportunities for successfully implementing this philosophy.
